Abstract: In this study we performed the phylogenetic analysis of non-cultivable bacteria from anthropogenically disturbed soil using partial sequences of the 16S rRNA (16S rDNA) and the heavy-metal resistance genes. This soil sample contained high concentrations of nickel (2,109 mg/kg), cobalt (355 mg/kg) and zinc (177 mg/kg), smaller concentrations of iron (35.75 mg/kg) and copper (32.2 mg/kg), and also a trace amount of cadmium (<0.25 mg/kg). The 16S rDNA sequences from a total of 74 bacterial clones were distributed into four broad taxonomic groups, Acidobacteria, Actinobacteria, Bacteroidetes and Gemmatimonadetes, and some of them were unidentified. Comparing our clone sequences with those from the GenBank database, only 9 clones displayed high similarity to known bacteria belongig to actinomycetes; others were identified as uncultured ones. Among clones evidently Actinobacteria predominated. Sixteen clones from soil sample carried only the nccA-like heavy-metal-resistance genes and all sequences showed too low similarity to known proteins encoded by these genes. However, our results suggested that the heavy-metal-contaminated soil is able to present very important reservoir of the new and until now unknown partly bacteria, partly heavy-metal-resistance determinants and their products. Bacteria and nccA-like genes identified in this study could represent the objects of interest as bioremediation agents because they can be potentially used in different transformation and immobilization processes.
Introduction
Heavy metals occur naturally in environment, but their concentrations are frequently elevated as a result of pollution introduced into the environment through different human causes, such as mining, smelting, sewage sludge disposal, application of pesticides and inorganic fertilizers, and atmospheric emissions (Liu et al. 2005) . Contamination of the environment with heavy metals has become a serious health hazards to plants, animals, aquatic life, and humans (Pazirandeh et al. 1998) .
The most risk of heavy metals resides in the fact that they are highly persistent in the environment and known to alter soil ecosystem diversity, structure and function (Sandaa et al. 2006; Ashraf & Ali 2007; Vivas et al. 2008) . The toxicity of heavy metals to microbial community in the soil has also been reported to inhibit biodegradation of organic pollutants in contaminated sites (Sandrin et al. 2000) . While the acute effect of heavy metals on the microbial community appears to lead to a subsequent shift in the community toward a more metal-tolerant or metal resistant population (Ranjard et al. 2000; Sandaa et al. 2001) , in chronically contaminated sites natural selection should have resulted in a predominantly metal-tolerant community (Kandeler et al. 2000; Becker et al. 2006) .
The resistance mechanisms employed by microorganisms to tolerate heavy metal stress include permeability barriers, intra-and extra-cellular sequestration, efflux pumps, enzymatic detoxification, and reduction (Nies 1999) . The most well characterized operons conveying resistance against heavy metals in Gramnegative bacteria are the czc operon from Cupriavidus metallidurans CH34 (Mergeay et al. 2003 ) and the ncc system from Achromobacter xylosoxidans 31A (Schmidt & Schlegel 1994) . In Gram-positive bacteria, the cad operon from Bacillus and Staphylococcus members has been well studied (Silver & Phung 1996) . In both Grampositive and Gram-negative bacteria the ars operons from Escherichia coli (Mobley et al. 1983; Saltikov & Olson 2002) and Staphylococcus strains (Ji & Silver 1992; Rosenstein et al. 1992) , and the mer systems from Escherichia coli (Nascimento & Chartone-Souza 2003) and Bacillus populations (Bogdanova et al. 1998 ) have been characterized. In addition, the cyanobacterial smt locus from Synechococcus PCC 7942 also contains a well-characterized heavy metal resistance system (Erbe et al. 1995) .
Bacterial communities are known to reflect their micro environmental conditions by readily responses at extremely fast rates to environmental and pollution changes. Thus, the estimation of bacterial abundances as well as their genetic diversity under in situ conditions is the most fundamental objective of soil microbial ecology (Thiyagarajan et al. 2010 ). There is a vast amount of information held within the genomes of cultivable and non-cultivable microorganisms, and new methods based on analysis of DNA allow investigation of this potential (Štursa et al. 2009; Thiyagarajan et al. 2010) .
Many studies have been focused on the effects of heavy metals on bacterial community structure (Ranjard et al., 2006; Ogilvie & Grant 2008; Khan et al. 2010; Pechrada et al. 2010) , and relatively many bacterial clones have already been identified in different heavy-metal-contaminated environments. These clones included, for example, Bacillus, Arthrobacter, Corynebacterium, Pseudomonas, Alcaligenes, Ralstonia and Burkholderia (Kozdroj & van Elsas 2001) , Actinobacteria and Proteobacteria (α-, β-, γ-, and δ-subdivisions) (Ellis et al. 2003) , Acidobacteria, Gemmatimonadetes, Actinobacteria, Bacteroidetes, Chlamydiae, Chloroflexi, Fibrobacteres, and Proteobacteria (α-, β-, and δ-subdivisions) (Zhang et al. 2007 ), Polyangium spp., Sphingomonas spp., Variovorax spp., Hafina spp., Clostridia, Acidobacteria, the enterics and some uncultured strains (Chien et al. 2008) , Proteobacteria (α-, β-, and γ-subdivisions) , Planctomycetes, Firmicutes, Gemmatimonadetes, Acidobacteria, and Chloroflexi (Wu et al. 2012) . However, only limited information exists about structure of bacterial assemblages in soils contaminated by nickel, cobalt, zinc, and partly also by iron, copper and cadmium. According to this, in our previous work (Karelová et al. 2011) , the phylogenetic analysis of bacterial isolates was performed in order to determine the structure of the cultivable bacterial assemblages in the same heavy-metal-contaminated farmland soil.
In the present study, the bacterial structure of anthropogenically disturbed soil was determined by the use of a non-cultivable approach. In addition, the presence of heavy-metal resistance genes originated from Gram-negative bacteria was also screened. Our results give new information about bacterial resistance to heavy metals, such as nickel, cobalt, zinc, iron, copper and cadmium, which are present in the same soil environment.
Material and methods
Field site, soil samples and heavy metal content measurement Soil samples, down to 10 cm depth, were collected from farmland near the city of Sereď (48
• 16 59 N, 17
• 43 35 E) in south-west Slovakia. Sampling site was situated in close neighbourhood of the dump of heavy-metal-contaminated waste. The soil sample contained high concentrations of nickel (2,109 mg/kg), cobalt (355 mg/kg) and zinc (177 mg/kg), smaller concentrations of iron (35.75 mg/kg) and copper (32.2 mg/kg), and also a trace amount of cadmium (<0.25 mg/kg) (Karelová et al. 2011) . The content of chosen heavy metals in soil sample was measured by using an atomic absorption spectrometer (Perkin-Elmer model 403, USA) via flame atomization with acetylene flow rate 2.5 L/min and air flow rate 8.0 L/min. Preparation of 16S rRNA (16S rDNA), czcA-and nccA-like clone libraries DNA extracted from soil sample and from C. metallidurans CH34 (BCCM TM /LMG 1195; this strain was used as a positive control for the detection of czcA and nccA genes) was used in PCR either with universal 16S rRNA gene primers or with non-specific degenerated czcA and nccA primer sets (Table 1) . Each 50 µL reaction mixture contained 1 µL of soil DNA, 5 µL 10×Taq buffer (Qiagen, Hilden, Germany), 2.5 U Taq polymerase (Hot-Star; Qiagen, Hilden, Germany), 1.5 mM MgCl2, 200 µM deoxynucleotide triphosphates and 0.5 µM each primer. PCRs were performed in a T1 thermal cycler (Biometra, Goettingen, Germany) with the following cycling conditions: 2 min of denaturation at 94 
DNA extraction

C or 59
• C for 16S rRNA, czcA and nccA amplification, respectively; 1.5 min, 2 min or 1 min at 72
• C for 16S rRNA, czcA and nccA amplification, respectively; 1 min at 94
• C and a final cycle of extension at 72
• C for 5 min. PCR products were separated by electrophoresis in a 1 % (w/v) agarose gel (Merck, Germany), and stained with Gold View Nucleic Acid Stain (SBS Genetech Co., Ltd., China). DNA bands, approximately 696, 822 or 581 base pairs (bp) in size for 16S rRNA, czcA-and nccA-like genes, respectively, were excised and purified using the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The 16S rRNA, czcA-and nccA-like amplicons were separately pooled, ligated into the pDrive Cloning Vector, and transformed into QIAGEN EZ competent cells using the PCR Cloningplus Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Clones containing the potential inserts of 16S rRNA, czcA-and nccAlike genes were screened by PCR with primers M13 (Table 1). The clones that produced the correct PCR amplicon for 16S rRNA, czcA-and nccA-like genes of approximately 696, 822 or 581 bp, respectively, were stored in 20% glycerol at −70
Amplified 16S rDNA restriction analysis and sequencing of 16S rRNA (16S rDNA), czcA-and nccA-like amplicons Cloned 16S rRNA (16S rDNA), czcA-or nccA-like sequences were amplified using the M13f and M13r primers (Table 1) . Each 25 µL reaction mixture contained 2.5 µL • C for 5 min. Purified amplicons were digested with AluI, and fragments were separated by electrophoresis in 1% agarose gels (w/v) (Merck, Germany), and stained with Gold View Nucleic Acid Stain (SBS Genetech Co., Ltd., China). Subsamples of purified 16S rRNA (16S rDNA), czcA-and nccA-like amplicons (of different restriction patterns) were prepared using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, USA) in accordance with the manufacturer's protocol and then sequenced using a ABI 3130 XL DNA Analyser (Applied Biosystems, Foster City, USA).
Bacterial clone identifications and phylogenetic analysis Specific 16S rRNA (16S rDNA) clone sequences were edited with Chromas Lite software (version 2.01) for further DNA analysis. BLAST search of the NCBI genome database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was conducted to identify the nearest neighbours. Multiple alignments were performed with the ClustalW program (version 2.0) from the EMBL Nucleotide Sequence Database (EMBL-Bank) of the European Bioinformatics Institute (http://www.ebi.ac.uk/). Phylogenetic trees were constructed with TreeView software (Page 1996) on the basis of the evolutionary distances calculated by the neighbour-joining method (Saitou & Nei 1987 ) using Kimura's two-parameter model (Kimura 1980 ).
Identification of czcA-and nccA-like gene products and phylogenetic analysis After trimming of specific czcA-and nccA-like sequences with Chromas Lite software (version 2.01), nucleotide sequences were translated to protein sequences by using the ExPASy proteomics server of the Swiss Institute of Bioinformatics (http://www.expasy.ch/tools/dna.html). BLAST search of the NCBI protein databases (http://blast.ncbi. nlm.nih.gov/Blast.cgi) was conducted to identify the nearest czcA-and nccA-like gene products. Multiple alignments were generated with the ClustalW program (version 2.0) from the EMBL Protein Sequence Databases (SwissProt and TrEMBL) of the European Bioinformatics Institute (http://www.ebi.ac.uk/). Phylogenetic trees were constructed with TreeView software (Page 1996) on the basis of the evolutionary distances calculated by the neighbourjoining method (Saitou & Nei 1987 ) using Kimura's twoparameter model (Kimura 1980) .
Nucleotide sequence accession numbers
The sequences generated in this study have been deposited in the GenBank database under accession numbers from HM038047 to HM038080 for bacterial 16S rRNA genes and from HM038081 to HM038096 for czcA-and nccA-like genes of soil clones.
Results and discussion
Structure of soil bacterial community A phylogenetic analysis was performed to determine the structure of non-cultivable bacteria using partial sequences of the 16S rRNA (16S rDNA) genes. Total DNA was isolated from heavy-metal-contaminated farmland soil in southwest Slovakia. The specific 16S rDNA PCR products derived from a total of 74 bacterial clones were assigned to 34 different restriction patterns representing 34 bacterial taxa which were subsequently sequenced. The sequences of bacterial clones belonged to four broad taxonomic groups, namely Acidobacteria, Actinobacteria, Bacteroidetes and Gemmatimonadetes. In addition, some of clones were assigned to unidentified group (Fig. 1) . Among the clones, Actinobacteria predominated evidently; this phylum included 38 representatives assigned to 17 taxa. The phylum Gemmatimonadetes included only 9, Acidobacteria 8 and Bacteriodetes 5 clones assigned to 3, 4 and 3 taxa, respectively, while the remaining unidentified group included up to 14 members assigned to 7 taxa. The predominance of Actinobacteria in non-cultivable fraction of bacterial community is not surprising, but the absence of Proteobacteria and also Firmicutes in this fraction of bacterial community was not expected with regard to previous data (Karelová et al. 2011) .
The structures of bacterial communities in heavymetal contaminated soils are represented mainly by Actinobacteria, Acidobacteria, Firmicutes and Proteobacteria (Kozdroj & van Elsas 2001; Ellis et al. 2003; Zhang et al. 2007; Chien et al. 2008; Wu et al. 2012) . In these types of soils also the representatives of Gemmatimonadetes are often included in bacterial structures (Zhang et al. 2007; Wu et al. 2012) . Gremion et al. (2003) showed that Actinobacteria represented by clone libraries predominated within the bacterial community of a soil contaminated with cadmium, copper and zinc. Moreover, 70% of the actinobacterial clones belonged to the genus Rubrobacter, a widespread taxa in soils, which has yet few cultured representatives (Holmes et al. 2000) . However, the significance of Actinobacteria within the microbial communities of soils contaminated with heavy metals is unresolved (Bamborough & Cummings 2009 ). In contrast, other studies on the impact of heavy metal contamination on bacterial community structure have reported a significant decline in the contribution of Actinobacteria to the bacterial community in a forest soil contaminated with cadmium, copper, zinc and lead (Frey et al. 2006) . Similarly, Vivas et al. (2008) found high dominance indices in the other more polluted soils including heavy metals, indicating the supremacy of populations that may be metabolically more active due to the presence of pollutants.
Identification of bacterial clones
All clones were identified based on their nearest bacterial relatives using phylogenetic analysis. From our total of 74 soil clones, only 9 were assigned to known species or genera, while the remaining 65 clones were identified as belonging to uncultured or unidentified bacteria with sequence similarity ranging between 83-98% (Fig. 2) . All 9 clones belonged to actinomycetes, more specifically, 3 clones (JH-S7 -JH-S9) could be assigned to Arthrobacter sp. GW10-3 (91%, EF471900); other 3 clones (JH-S17 -JH-S19) to Actinoplanes liguriae strain DSM 43865 (93%, AJ865471); 2 clones (JH-S69 and JH-S70) to uncultured Rubrobacteridae bacterium glen99 25 (98%, AY150872); and 1 clone (JH-S16) to Actinomadura formosensis strain IMSNU 22194T (87%, AJ293703) (Fig. 2) .
However, this assignation to known taxa or taxonomic groups is not quite clear. First of all, according to low similarity by BLAST analysis, the clone JH-S16 need not to be assigned to genus Actinomadura. Similarly, the clone JH-S55 might not be assigned to Gemmatimonadetes. On the other hand, the clones JH-S33 -JH-S35 could be assigned to the genus Rubrobacter, and the clone JH-S54 exhibited rather nearest relatedness to the genus Actinomadura. Furthermore, the clones assigned to the unknown group will most likely belong to Bacteroidetes (JH-S10, JH-S68) or to Actinobacteria (JH-S3 -JH-S6, JH-S15, JH-S20 -JH-S23, JH-S41, JH-S64 -JH-S65) (Fig. 2) .
Other authors (Hugenholtz 2002; Vivas et al. 2008; Sun et al. 2010) , studying the non-culivable bacterial fraction in soils contaminated by heavy metals and other contaminants, delivered comparable results, i.e. only a minor part of analyzed 16S rDNA clone sequences revealed a higher than 89% match in terms of homology, showing the degree of sequence similarity to other known organisms. Therefore, this picture about structure of non-cultivable bacterial fraction is not surprising because this part of soil bacterial community has been characterized mainly by environmental 16S rDNA clone sequences.
Occurrence and sequence analysis of czcA-and nccAlike genes in soil clones At present, the overall effects of high concentrations of nickel, cobalt and zinc, smaller concentrations of iron and copper, and also a trace amount of cadmium on the structure of non-cultivable bacteria identified in the present study is unknown. In this situation, our results can give new information about bacterial resistance to these heavy metals. Therefore, except of the structure of non-cultivable bacteria, we focused also on the analysis of resistance determinants against heavy metals in soil contaminated by these metals.
The presence of two genes coding for the heavymetal-resistance determinants czcA and nccA was screened directly in soil sample by PCR-based methods using degenerative czcA and nccA primer sets (Table 1). The degenerative primer sets were designed using conserved gene fragments of Gram-negative bacteria. Thus fragments from Ralstonia metallidurans CH34, pMOL30 [NC 006466] and from Alcaligenes xylosoxidans 31A [L31363] were used for czcA and nccA, respectively. The primers czcA or nccA amplified PCRproducts of about 822 and 581 bp, respectively.
Only 16 clones from a soil sample carried only one of the PCR bands of the expected size for the heavymetal-resistance genes; the PCR band of about 581 bp corresponding to the nccA-like gene ( Table 2 ). The PCR band of about 822 bp corresponding to the czcAlike gene was not found among the soil clone library.
The fact that the presence only one of the PCR bands corresponding to the nccA-like gene could be confirmed only in 16 clones from DNA soil sample ( Table 2 ) may partly reflect the fact that the degenerative primer sets used were designed only for conserved gene fragments from Gram-negative bacteria. Our results suggested, however, a predominance of Gram-positive bacteria. On the other hand, both primer sets were designed to be degenerative, suggesting that they should have the ability to also hybridize with other, similar genes. For example, the primers for czcA gave also positive results with czcA from Ralstonia sp. To identify the heavy-metal-resistance determinants in those soil clones that harboured only the nccAlike genes, the nearest relatives of the protein products of these resistance genes were investigated using phylogenetic analysis (Fig. 3) . The PCR products of nccA derived from soil clones were subsequently sequenced.
A BLAST search of GenBank revealed that all sequences showed too low levels of similarity (62-88%) to known proteins encoded by nccA genes (Fig. 3 , Table 2). Although these gene products exhibited low similarity to their closest relatives suggesting they may form new heavy-metal-resistance proteins, some of them, JH-S5 and JH-S54, JH-S11 and JH-S13, JH-S28 and JH-S52, and JH-S23 and JH-S44, in particular, exhibited certain homology either to the heavy metal efflux pump CzcA from Nitrobacter hamburgensis, or to the AcrB/AcrD/AcrF family protein from Caulobacter crescentus, or to the putataive cation efflux system protein from Pseudomonas aeruginosa, or to the heavy metal efflux pump CzcA from Pseudomonas fluorescens, respectively (Table 2 ). This suggests that these Table 2 . Assignment of bacterial ncc-like soil systems to the closest identified match in the GenBank database.
Soil clones
GenBank a Affiliation of nccA-like soil systems b a GenBank accession numbers of identified nccA-like genes. b Clone assignment of bacterial nccA-like gene products to the closest match identified in the GenBank database. Numbers in square brackets indicate GenBank accession numbers. The level of sequence identity is shown in % after the clone designation.
gene products could be involved in active protection against heavy metals. In addition, according to data produced in the previous investigation (Karelová et al. 2011) , i.e. in a culture-dependent approach, only 9 products of either czcA-or nccA-like genes from a total of 23 bacterial isolates from the same sampling site were identified, and all gene products exhibited low similarity (40-93%) to their closest relatives. Therefore, all 9 gene products were considered to form new heavy-metal-resistance proteins. In spite of the fact that all gene products exhibited low similarity to their close relatives, some of them showed certain homology either to heavy metal efflux pump CzcA, or to some of transmembrane type proteins, or to transcriptional regulator LysR family, thus suggesting that these genes could be involved in active protection against heavy metals. Similarly, the czc + and/or ncc + strains were detected in a variety of soil samples highly contaminated by heavy-metals (Wuertz & Mergeay 1997; Brim et al. 1999) .
A system of transmembrane metal pumps to which some of either czcA-or nccA-like gene products were assigned, poses one of two basic strategies for a microbe to function in a metal-contaminated environment. These systems have evolved in a number of bacteria, for example, system encoded by sil and mer operons, conferring resistance to silver and mercury, respectively. Those pumps scavenge metals on the inside of the cell membrane and remove them from the cell, thus protecting the internal cell structures from toxic metal effects. The second mechanism of microbial resistance to metals is evolution of enzyme forms resistant to metals. This resistance pathway is expected to be the predominant in the denitrifying bacteria, due to inability to use metal pumps. The metal-resistant forms of enzymes present in metal-stressed denitrifying community are expected to be readily identifiable by their gene sequence and therefore their genetic signature (Sobolev & Begonia 2008) .
Overall structure of cultivable and non-cultivable fraction of bacterial community The studies of the structure of microbial communities in heavy metal contaminated environments are often used on either culture-dependent or independent approaches. However, there is a serious debate as to which approach is the most useful. Culture-independent methods have received particular attention because it is commonly known that only a small proportion of the bacteria present in a given environment will form colonies on laboratory media (Hugenholtz 2002) . On the other hand, the traditional microbiological methods directly provide live bacteria, and not merely a "molecular strain". But, when both approaches are combined, this multitechniques procedure can provide with a more complete picture about the bacterial structure in heavy metal contaminated soils.
According to data produced in this study (cultureindependent approach) and the previous one (Karelová et al. 2011 ; culture-dependent approach) the bacterial microflora seems to be distributed into six broad taxonomic groups: Acidobacteria, Actinobacteria, Bacteroidetes, Firmicutes, Gemmatimonadetes and Proteobacteria (α-, β-, and γ-subdivisions) . Inside the structure of bacterial community representatives of the phylum Actinobacteria will probably predominate, whereas representatives of Proteobacteria will represent only a low fraction from complete living bacteria. This is due to a fact that cultivable fraction will constitute less than 1% from whole bacterial population in this heavy-metal-contaminated soil sample. Although representatives of this phylum, particularly γ-Proteobacteria, predominated inside of cultivable fraction of bacterial community. The fact that Proteobac- teria represented only a minor part of the bacterial community suggested that the resistance gene products originated from Gram-negative bacteria will be in the minor representation in this environment as well.
Representatives of all these taxonomic groups play an important role in decomposition of organic materials, and thereby play a vital role in organic matter turnover and carbon cycle. This replenishes the supply of nutrients in the soil and is an important part of humus formation. Proteobacteria encompass an enormous level of morphological, physiological and metabolic diversity, and are of great importance to global carbon, nitrogen and sulphur cycling (Kersters et al. 2006) . Although bacteria from the phylum Acidobacteria are widely distributed and abundant in soils, their ecological roles are poorly understood, owing in part to a paucity of cultured representatives (Eichorst et al. 2007 ). In accordance with these findings, Branco et al. (2005) detected representatives of Acidobacteria only by clone analyses in chromium-contaminated environment. Similarly, only one representative, Gemmatimonas aurantiaca, from phylum Gemmatimonadetes was found to be cultivated on agar plates up to now; it was isolated from an activated sludge formed in an aerobic/anaerobic sequential batch reactor for wastewater treatment (Zhang et al., 2003) . In addition, this bacterium has occupied a solitary position among the huge phylogenetic diversity of bacteria suggesting that its metabolic pathways and enzymes are also unique (Takaichi et al. 2010) . The necessity to use the multi-techniques approach in order to study the bacterial community structures is even more emphasized by differences in the nearest relatives of the 16S rRNA genes between isolates and clones (Fig. 4) . None of the isolates or clones was assigned to the same taxa inside the same taxonomic groups, i.e. Actinobacteria and Bacteroidetes, respectively. Most of clones assigned to Actinobacteria (41 from 50) have created an autonomous part of the common phylogenetic tree together with isolates. Only 9 of them were found inside the common group with isolates, although all these clones were positioned on the separate branches of the tree (Fig. 4) .
Similarly, the products of the resistance determinants from clones and isolates have created autonomous parts of the common phylogenetic tree, expect of two products (EK-I52-hmr, EK-I64-hmr) of resistance genes from isolates EK-I52 and EK-I64, respectively. These were found inside the common group with clone products although both these isolate products were placed on the separate branches of the tree (Fig. 5) . It seems that between isolate and clone resistance gene products no significant sequential similarity have been found, even if all resistance gene products from both isolates and clones have originated from Gramm-negative bacteria. The only exception was represented by EK-I46-hmr, which originated from Arthrobacter chlorophenolicus (a Gram-positive bacterium).
Our results pointed out the relatively high degree of bacterial diversity and variability among resistance determinant products carried by Gram-negative bacteria. Furthermore the heavy-metal-contaminated soil may represent very important reservoir of new and until now unknown partly bacteria, partly heavy-metalresistance determinants and their products. Microorganisms able to survive well in high concentrations of heavy metals are of great interest as bioremediation agents because they can be used in different transformation and immobilization processes.
To conclude, however, it is worth mentioning that a metagenomic sequencing will be necessary for more realistic study of the bacterial occupation of heavy-metalcontaminated soil and the occurrence of heavy-metalresistance determinants originated from bacteria in the environment contaminated as described in the present study.
